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,QWURGXFWLRQ
$FFXUDWHPHDVXUHPHQWVRIWKHQHXWURQFDSWXUHDQGILVVLRQFURVVVHFWLRQVDQGWKHLUUDWLRDYDOXHDVZHOO
DV WKH IOXFWXDWLRQ RI WKH SURPSW JDPPDHPLVVLRQ LQ UHVRQDQFH QHXWURQ LQGXFHG ILVVLRQ DUH RI JUHDW
LPSRUWDQFHIRUVWRFNSLOHVWHZDUGVKLSQXFOHDUIRUHQVLFVDQGPHGLFLQHVDIHJXDUGVVSURFHVVQXFOHRV\QWKHVLV
WKHJHQHUDWLRQ,9UHDFWRUGHVLJQDQGQXFOHDUZDVWHWUDQVPXWDWLRQ5LPSDXOWHWDO





$W WKH -RLQW ,QVWLWXWH IRU1XFOHDU5HVHDUFK -,15)UDQN/DERUDWRU\RI1HXWURQ3K\VLFV )/13ZKHUH
DOUHDG\ KDOI D FHQWXU\ WKH WKHUPDO DQG UHVRQDQFH QHXWURQ LQGXFHG QXFOHDU UHDFWLRQV DUH VWXGLHG  D QHZ
HOHFWURQDFFHOHUDWRUGULYHQZKLWHVSHFWUXPSXOVHGQHXWURQVRXUFH,5(1KDVEHHQEXLOWDQGVXFFHVVIXOO\WHVWHG
%HOLNRYHWDO7KH LPSURYHGFKDUDFWHULVWLFVRI WKLV IDFLOLW\ LQFRPSDULVRQZLWK WKRVHRI WKH IRUPHU
SXOVHG QHXWURQ IDVW UHDFWRU ,%5 ZLOO DOORZ PHDVXULQJ VRPH RI WKH QHXWURQQXFOHDU UHDFWLRQ GDWD ZLWK
EHWWHUSUHFLVLRQDQGDFFXUDF\
$QHZH[SHULPHQWDOVHWXS
$ QHZ H[SHULPHQWDO VHWXS IRU WKH LQYHVWLJDWLRQ RI QHXWURQLQGXFHG QXFOHDU UHDFWLRQV LV LQ D VWDJH RI
FRQVWUXFWLRQ DQG WHVWLQJ ,W FRQVLVWV RI ,5(1 DV D ³ZKLWH´ VSHFWUXP SXOVHG QHXWURQ VRXUFH DQ HYDFXDWHG
FROOLPDWHG EHDPOLQH DQ DUUD\ RI 1D,7O GHWHFWRUV DV D VSHFWURPHWHU IRU JDPPDUD\V DOVR VHQVLWLYH WR
QHXWURQVDQGDFRPSXWHUL]HGV\VWHPIRUPXOWLFKDQQHOPXOWLSDUDPHWULFGDWDDFTXLVLWLRQDQGDQDO\VLV)LJ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$ PXOWLGHWHFWRU JDPPDUD\ VSHFWURPHWU\ V\VWHP IRU LQYHVWLJDWLRQ RI QHXWURQ LQGXFHG FDSWXUH RUDQG
ILVVLRQQXFOHDUUHDFWLRQVZDVGHVLJQHGDQGFRQVWUXFWHGDW)/13)LJ,WFRQVLVWVRIULQJVDUUD\VRI
1D,7OGHWHFWRUV$PFU\V+HDFKZLWKYDULDEOHULQJGLDPHWHUDQGGLVWDQFHEHWZHHQERWKULQJV6XFKVHWXS
ZLOO JLYH WKHSRVVLELOLW\ QRW RQO\ WRPHDVXUH WKHPXOWLSOLFLW\ HQHUJ\ DQG DQJXODU DQLVRWURS\RI WKHSURPSW
ILVVLRQJDPPDUD\VEXWDOVRWRVHSDUDWHWKHFRQWULEXWLRQRIWKHSURPSWILVVLRQQHXWURQVE\WKHLUORQJHUWLPH
RIIOLJKW72)IURPWKHILVVLOHWDUJHWWRWKHGHWHFWRUV7KHFRQVWUXFWLRQDOORZVDUUDQJLQJXSWRGHWHFWRUVLQ












$'&± W\SLFDO 7DQJ72) VSHFWUD IRU GLIIHUHQWPXOWLSOLFLWLHV RI  VLPXOWDQHRXVO\ UHJLVWHUHGJDPPDTXDQWD HYHQWV PXOWLSOLFLWLHV
VKRZQDOORQHWZRWKUHHIRXUDQGILYH

7KLV VHWXS ZDV XVHG WR LQYHVWLJDWH WKH 1D,7O VSHFWURPHWHU WLPH UHVROXWLRQ LQ YLHZ RI WKH DELOLW\ WR
VHSDUDWH WKH FRQWULEXWLRQ RI WKH VFDWWHUHG QHXWURQV IURP WKRVH RI WKH FDSWXUH QJUHDFWLRQ $V ZHOO DV WR
PHDVXUH WKH HQHUJ\ GHSHQGHQFH RI WKH UHVRQDQFH QHXWURQ IOX[ GHQVLW\ E\ PHDQV RI WKH QHXWURQ FDSWXUH
UHDFWLRQRQ7D+HUHZHVKRZVRPHUHVXOWVIURPWKHILUVWKWHVWUXQ
7KHWLPLQJSRVVLELOLWLHVRIWKH1D,7OVSHFWURPHWHUIRUQJVHSDUDWLRQ
7KH WLPH UHVROXWLRQRID VLQJOH1D,7OZDVGHWHUPLQHGXVLQJDFDOLEUDWLRQ &RSRLQW JDPPDVRXUFH ,W
ZDVSRVLWLRQHGEHWZHHQWKH1D,7OGHWHFWRUDQGD1(GHWHFWRUZKLFKSXOVHVZHUHXVHGWRRSHQDWLPH
JDWH IRU PHDVXULQJ VRUWLQJ RXW WKH FRUUHODWHG HYHQWV 7KH UHVXOWV REWDLQHG DW WZR JDPPDUD\ HQHUJ\
WKUHVKROGV(J0H9DQG(J0H96NR\HWDODUHVKRZQLQ)LJ
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,Q WKH FDVH RI D WKLQ WDUJHW QHJOLJLEOH UHVRQDQFH  LQWHUIHUHQFH DQG UHVRQDQFHSRWHQWLDO VFDWWHULQJ  WKH
VXPRIWKHFRXQWVLQWKHLWKZHOOUHVROYHGUHVRQDQFHSHDNDWHQHUJ\(LPHDVXUHGIRUDWLPHLQWHUYDORI'WLV
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H[SUHVVHG DV D IXQFWLRQ RI WKH WRWDO QXPEHU RI QHXWURQV LPSLQJLQJ WKH WDUJHW GXULQJ WKH VDPH WLPH WRWDO
IOXHQFH)(LE\WKHIROORZLQJIRUPXOD
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GHYHORSHG E\ +XJKHV  7KLV PHWKRG HQDEOHV WKH FRUUHFWLRQV IRU 'RSSOHU EURDGHQLQJ DQG WKH ILQLWH
VDPSOH WKLFNQHVV WR EH PDGH VLPXOWDQHRXVO\ %HFDXVH LQ WKH FDVH RI VHOHFWHG VWURQJ DQG ZHOOVHSDUDWHG
UHVRQDQFHV WKH FRQWULEXWLRQ IURP WKH ZLQJV RI QHLJKERXULQJ UHVRQDQFHV LV QHJOLJLEOH QR DGGLWLRQDO
FRUUHFWLRQV ZHUHPDGH  7KHZLGWK RI WKH'RSSOHU EURDGHQLQJ IXQFWLRQZDV FDOFXODWHG E\ WKH ZHOONQRZQ
IRUPXOD
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7KH UHVXOWV REWDLQHG IURP WKH WHVW UXQ GRWV ZLWK HUURU EDUV ILWWLQJ FXUYH SODLQ OLQH ZLWKLQ 
FRQILGHQFH LQWHUYDO FXUYHV DQG FDOFXODWHG E\ WKH )/8.$ 0RQWH &DUOR FDOFXODWLRQ GDVKHG FXUYH IRU D
GLVWDQFHRIaPIURPWKH,5(1QHXWURQSURGXFLQJWDUJHW6KYHWVRYHWDODUHVKRZQLQ)LJ,WLV



























,Q RUGHU WRPHDVXUH QXFOHDU GDWD QHHGHG IRUPRGHOOLQJ RI JHQHUDWLRQ ,9 QXFOHDU IDFLOLWLHVZLWK D EHWWHU
SUHFLVLRQDQHZH[SHULPHQWDOJDPPDUD\VSHFWURPHWU\V\VWHPZDVWHVWHGDW)3PRIWKHSXOVHGQHXWURQ
VRXUFH ,5(1%\ WKLVPXOWLGHWHFWRUJUD\ VSHFWURPHWHU LW LVSRVVLEOH WR LQYHVWLJDWH WKHQHXWURQFDSWXUHDQG
ILVVLRQUHDFWLRQVRQDQXPEHURIUDGLRDFWLYHWDUJHWV7KHQHXWURQFDSWXUHDQGILVVLRQJDPPDVFDQEHVHSDUDWHG
E\ WKHLU GLIIHUHQW PXOWLSOLFLWLHV WKH PHDQ ILVVLRQ JUD\ HPLVVLRQ PXOWLSOLFLW\ LV DERXW  JDPPDVILVVLRQ
ZKLOH WKDW IURP WKH FDSWXUHSURFHVV LV DERXW JDPPDVFDSWXUH$ VWDQGDUG &I VRXUFH FDQEHXVHG IRU
V\VWHPFDOLEUDWLRQ8VLQJ WKHPXOWLSOLFLW\ VSHFWUDPHWKRG 0XUDG\DQ HW DO  WKHQHXWURQ FDSWXUH DQG
ILVVLRQ SURFHVVHV FDQ EH VLPXOWDQHRXVO\ LQYHVWLJDWHG DQG WKH FDSWXUHWRILVVLRQ UDWLRD FDQ EH GHWHUPLQHG
$GDPFKXNHWDO$QXPEHURIH[SHULPHQWVDWWKH,5(172)QHXWURQVSHFWURPHWHUZHUHSURSRVHGE\
-DQHYDHWDO
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